A number of empirical studies have shown that multimarket contacts facilitate collusive behaviors between full-service carriers (FSCs) in the US airline industry. This paper empirically investigates the effects of multimarket contacts on air carriers' pricing behaviors and highlights those of low-cost carriers (LCCs) and FSCs as well as those among LCCs. Simultaneous demand and price (pseudosupply) equations are estimated to derive these impacts of multimarket contacts in the top 30 air markets in the US multimarket contacts among FSCs do lead to collusive setting of high airfares. However, the effect of multimarket contacts is lower among LCCs, and the degree depends on the number of LCCs in a market. The airfares of LCCs remain low, even though there are multimarket contacts among LCCs. These results suggest that the behaviors of LCCs are not affected by multimarket contacts.
Introduction
Multimarket contact (MMC) describes the situation in which there are many inter-carrier rivalries between a limited number of carriers in multiple markets (cross-sectional and dynamically, and both). This setup blunts the edge of the airlines' competition (Edwards, 1955) . Empirical studies suggest that MMCs lead to collusive effect (Heggestad and Rhoades, 1978; Scott, 1982; Jans and Rosenbaum, 1997; Parker and Roller, 1997; Fernandez and Marin, 1998; Fu, 2003) . Evans and Kessides (1994) , Singal (1996) , Gimeno and Woo (1996, 1999) , Gimeno (2002) , and Zou et al. (2011) show that MMCs statistically increase carriers' airfares. Baum and Korn (1999) find that entry and exit decrease as MMCs increase.
Many studies based on the 1980 data suggest that MMCs result in collusive effects in the airline industry. The analysis does not consider low-cost carriers (LCCs) though there have been many studies on the economic impact of LCCs. Dresner, Lin and Windle (1996) and Windle and Dresner (1999) suggest that the entrance of LCCs significantly decreases airfares. Morrison (2001) also shows that entry of LCCs influences airfares in other LCCs' potential routes. Goolsbee and Syverson (2008) find that incumbents significantly cut airfares threatened by Southwest's entry. Murakami (2011b) researches fare discounting effects due to LCCs entry over time and estimates the change in social welfare as a result of the change in airfares of full-service carriers (FSCs) and LCCs. However, few studies have applied the idea of the competitive effect of MMCs to examining airline competitions with LCCs.
This study investigates whether MMCs increase airfare and explores if LCCs lead to collusive effect through MMC behaviors. The study also looks at the presence of MMC effects among LCCs. We estimated the simultaneous demand and price (pseudo-supply) equations to ascertain the effects of MMCs using 4,484 cross-section observations from the top 30 US air markets in 2006. MMCs among FSCs lead to collusive setting of high airfares. However, the effects of MMCs decrease with competition from LCCs, the degree of competition in turn depends on the number of LCCs in a market. LCCs' airfares remain low with repeat MMCs among LCCs. These results suggest that LCCs' behaviors are not affected by MMCs.
Section 2 presents the simultaneous demand and pseudo-supply equations to measure the effects of MMCs and highlights the impact of LCCs. Section 3 discusses the data, Section 4 analyses the findings and Section 5 concludes.
Econometric Model
This study builds upon the work of Dresner, Lin and Windle (1996) and Murakami (2011a, b) on applying the simultaneous demand and pseudo-supply equation model in the analysis of the competition between FSCs and LCCs. The analysis of MMC in this study follows the work of Jans and Rosenbaum (1997) who employed non-linear 3SLS (three-stage least squares) and incorporated a MMC variable to the pseudo-supply equation to analyse the cement industry.
This study employs the following model specification. Demand equation is given by:
pseudo-supply equation is given by:
where P kj and Q kj are the average airfare and output of route j of carrier k, respectively. INC j is the arithmetic per capita income of route j. Dist j is the distance between a city pair of route j. POP j is the arithmetic average of the O/D population. MKT m j is a binary variable that takes 1 for the market where m carriers compete, and the benchmark market of this binary variable is duopoly. This MKT m j variable is introduced to control the market size in the demand equation. The parameters of this variable could be positive or negative. In the negative case, for example, if too many carriers enter a market and compete for limited demand, the demand that each carrier faces could be smaller than what each carrier would face in a duopoly market.
Dist j in the pseudo-supply equation is used as a proxy for marginal cost. This variable will have a positive effect on airfares. HHI j is the Herfindahl index, and higher HHI j means that the market is more concentrated. Since high concentration may lead to strong market power, the parameter will be positive. LCC k is a binary variable that takes 1 if firm k is an LCC. VSLCC kj is a binary variable that takes 1 if firm k competes with LCC (s) in a market.
The benchmark is the outcome from collusive effect of MMC behaviors "between FSC competition". Three hypotheses on the effect of MMC on airfares were tested against the benchmark. These are (a) an FSC versus an LCC; (b) FSCs versus LCCs; and (c) an LCC versus an LCC. The coefficients of "slope dummy" variables, INLCCn j and INLCCA j are used as indicators, where INLCCn j is a binary variable that takes 1 for a route if an LCC(s) operates and competes with FSC(s) in route j, and INLCCA j takes 1 for the cases where there exist only LCCs in route j. The parameter-signs of these two binary variables will be negative if LCCs' behaviors are not affected by MMC. Especially in the markets where we observe "between-LCCs" competition, the slope-angle is intuitively expected to be steep (i.e., the absolute value of θ 4 could be large). MMC kj is firm k's MMC on route j. The sign of parameter β 6 of MMC kj is expected to be positive if MMCs have collusive effects. u kj and e kj are random error terms of the demand equation and pseudosupply equation, respectively.
MMCs can be measured in several ways. The measurement adopted here is to count the number of overlapping markets in which firms compete with one another. This measure is defined as:
where D kj is a binary variable that takes 1 if firm k operates in route j; f j is the number of firms that operate in route j. This measurement has been used in many previous studies. HHI j measures the degree of market concentration. Bailey, Graham and Kaplan (1985) suggested that the market concentration is an endogenous variable determined by output, distance, and other exogenous factors. Waldfogel and Wulf (2006) suggested that the MMC variable may be endogenous. Endogeneity tests of these variables are carried out. To test the null hypothesis that logHHI j and logMMC kj are not correlated with the error term e kj , Hausman test is performed for each variable. The test result is to reject the null hypotheses for both cases at the 1% level of significance ( χ ð1Þ ¼ 188:37 and 11.67, respectively).
Descriptive Statistics
Carrier-specific data from scheduled operations in city-pair routes were utilized in this study drawn from 2006 cross-sectional data from DB1A.
1 Per-capita individual income and demographic data were collected from Regional Accounts Data, Bureau of Economic Analysis. Monopoly markets were omitted, i.e., carriers that did not have 10% market share in duopoly markets, and carriers that did not have 5% share in triopoly or greater markets. Carriers reported as carrier XX (carriers that are not filed in IATA codes) in DB1A were also omitted. The remaining 4484 observations consist of non-connecting flights from the top 30 largest US airports and their regions and include 487 duopoly markets, 460 tripoly markets, 195 four-carrier operating markets, 101 five-carrier operating markets, 87 six-carrier operating markets, 41 seven-carrier operating markets, 2 eight-carrier operating markets, and 2 ten-carrier operating markets. The descriptive statistics of continuous variables are given in Table 1 .
Classification of sampled 19 carriers into FSCs and LCCs was based on the carrier's unit cost from the Air Carrier Financial Reports, Form 41, Financial Data, estimated at 95% confidence interval of carriers' unit costs. A number of carriers that operated at very low unit cost level were excluded, together with those operating at very small networks. Carriers that were allied with another airline and carriers that ceased operation in 2006 were omitted. Based on the above criteria, Airtran Airways, Spirit Airlines, Jet Blue Airways, and Southwest Airlines were classified as LCCs. There are 714 markets with at least one LCC operating; 71 markets with at least two LCCs operating, and 5 markets with at least three LCCs operating.
Empirical Results
The demand and price (pseudo-supply) equations were estimated simultaneously by an iterative 3SLS to measure the effect of MMCs. Boguslaski, Ito and Lee (2004) indicated that the presence of an LCC in a market does not influence other LCCs' entry behavior. This implies that LCCs tend to compete with each other aggressively.
To examine whether each parameter of INLCCn j is significantly different, we test the following hypotheses, respectively: (1) H 0 : θ 1 ¼ θ 2 , (2) H 0 : θ 2 ¼ θ 3 and (3) H 0 : θ 1 ¼ θ 3 . We reject hypotheses (1), suggesting that the effect of MMCs on carrier's air-ticket price is statistically different between one-LCC-operating-markets and two-LCCs-operatingmarkets. The difference between INLCC1 and INLCC2 could be explained that in one-LCCoperating-markets, FSCs could induce an LCC to work in collusion, especially when the LCC with a small market share is deficit-ridden. However, in two-LCCs-operating-markets, competition between FSCs and two LCCs is increased due to the increase in the number of LCCs.
Hypothesis (2) is thus rejected while the results confirm hypothesis (3). These two results suggest that competition among carriers is reduced when the number of LCCs increases from two to three. These results also imply that LCCs may choose comparatively collusive behavior given competition with "well-known rivals", to avoid wasteful competition in favor of coexistent and joint maximization of profits.
Conclusion
The hypothesis that MMCs blunt the edge of competition was originally suggested by Edwards (1955) and theoretically proved by Bernheim and Whinston (1990) . Studies have since shown that MMCs result in a collusive effect in certain industries, including the airline industry.
While there are many studies indicating that airlines set higher fares given MMCs in the airline industry, these studies do not take into account the presence of LCC(s). The distinguishing feature of this study is the presence of LCCs when MMCs occur.
The main conclusions of the study are:
(1) MMCs among FSCs led to high airfares due to collusion among carriers; (2) the existence of LCC(s) leads to collusive impacts, and the degree of impact on airfares depends on the number of LCCs in a market; (3) in the case where there are only LCCs in a market (i.e., LCC versus LCC), MMCs do not lead to lower fares and airfares remain low, even though there are repeated MMCs among LCCs.
The findings of this study are consistent with previous studies. Further, the reliability of the results is based on analysis of a large number of sample observations to avoid data selection bias.
